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Retrieval mechanisms are essential to dynamically maintain the composition and functional homeostasis of
secretory organelles. A recent study has identified a novel class of cargo receptor that retrieves a specific
subset of escaped ER folding machinery from the Golgi.The endoplasmic reticulum (ER) is an
amazing factory in charge of the synthesis
of those luminal and membrane proteins
that must be subsequently delivered by
the secretory pathway to their proper
functional destinations either at different
organelles of the endomembrane system
or outside of the cell. Newly synthesized
secretory proteins are first inserted
into the ER via the translocon, and
subsequently a large battery of
chaperones and enzymes carries out theirfolding, assembly, and post-translational
modifications, such as glycosylation or
disulfide bond formation. Once correctly
folded and assembled, secretory proteins
are selectively incorporated as cargos
into coat protein II (COPII)-coated
vesicles, which transport them forward to
the Golgi apparatus. This vesicular export
flux is constantly challenging the protein
composition and functional homeostasis
of the ER. Although the ER resident
proteins are not actively sorted into COPIIvesicles, they still manage to escape from
the ER. Indeed, they can passively enter
the COPII vesicles, and thus exit the ER
through bulk flow, being finally trafficked
to the Golgi. Once there, the escaped
proteins are captured and subsequently
retrieved back to the ER in coat protein I
(COPI)-coated retrograde transport
vesicles.
Active sorting of escaped ER proteins
into COPI vesicles can be driven by direct

















Figure 1. Model for the role of the Erv41p–
Erv46p complex as a retrieval cargo
receptor.
The Erv41p–Erv46p complex binds to ‘escaped’
Gls1p in the reduced pH environment of the early
Golgi. Then, it returns back to the ER in COPI
vesicles and releases Gls1p in the near-neutral
pH of the ER lumen. The empty Erv41p–Erv46p
receptor is efficiently transported to the Golgi in
COPII vesicles to initiate a new round of cargo
retrieval. This model is based on the study from
Shibuya et al. [5].
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link the cargo with the coat [1]. Only two of
these retrieval cargo receptors have been
identified to date: the KDEL receptor,
which retrieves soluble ER proteins
bearing the carboxy-terminal KDEL motif
(HDEL in yeast); and Rer1, which retrieves
certain ER transmembrane proteins [2–4].
However, these two receptors and their
known substrate range cannot account
for the broad spectrum of ER resident
proteins. In a recent issue of the Journal of
Cell Biology, the Barlowe lab [5] identifies
a new class of retrieval cargo receptor for
a specific subset of ER resident proteins
in yeast and, most importantly, describes
its operating mechanism.
A pioneering proteomic analysis of
in vitro generated COPII vesicles
previously performed by the Barlowe lab
led to the identification, among others,
of two novel related transmembrane
proteins, Erv41p and Erv46p, as major
passengers of the COPII vesicles in yeast
[6]. Further characterization showed that
these abundant and conserved proteins
form a heteromeric complex that
continuously cycles between the ER
and Golgi via anterograde COPII and
retrograde COPI vesicles. This efficient
bidirectional trafficking relies on the
presence in both proteins of COPII sorting
motifs at their carboxyl termini, and
an additional conserved COPI-binding
dilysine motif at the carboxyl terminus
of Erv46p [7]. However, despite the
abundance of the Erv41p–Erv46p
complex, its precise biological function in
the early secretory pathway was elusive.
An important clue came from the
previous observation by the Otte lab that
the lack of the Erv41p–Erv46p complex
leads to the defective functioning of the
ER resident glucosidase I (Gls1p) [8].
Gls1p cleaves the terminal glucose
from the newly attached N-linked
core glycan of glycoproteins in the ER
and is known to function in the folding
and quality control of newly synthesized
glycoproteins [9,10].
From this finding, Shibuya et al. [5]
reason that depletion of the
Erv41p–Erv46p complex might somehow
decrease the level of Gls1p in the ER
and thus cause the defect in glucose
trimming. Now, the authors show that
Gls1p is indeed mislocalized to the
vacuole and the extracellular medium in
cells lacking the Erv41p–Erv46p complex,Cusuggesting that this protein complex is
involved in the ER retention of Gls1p.
Furthermore, the authors find that Gls1p
is a soluble protein that is still packaged,
albeit very inefficiently and to a small
extent, into COPII vesicles, indicating that
Gls1p can exit the ER at a low rate by bulk
flow and thus travel through the secretory
pathway. These findings fit well with the
idea that the Erv41p–Erv46p complex,
which cycles between the ER and Golgi,
contributes to ER retention by recognizing
the escaped Gls1p at the Golgi lumen
and subsequently retrieving it back to
the ER. This possibility is strongly
supported by further data obtained by the
authors. First, both Erv41p and Erv46p
physically interact in vitro and in vivo
with Gls1p. Additionally, mutation of the
dilysine COPI-binding motif in Erv46p
mislocalizes Gls1p to the vacuole,
indicating that the recycling from the
Golgi to the ER of the Erv41p–Erv46p
complex itself is required to dynamically
localize Gls1p at the ER [5].
These results paint a picture of the
Erv41p–Erv46p complex as a retrieval
cargo receptor for escaped Gls1p and
raised the question of whether there are
other ER cargos for the Erv41p–Erv46p
complex. Shibuya et al. [5] address this
question by applying a whole cell stable
isotope labeling by amino acids in culture
(SILAC) proteomic analysis [11] to the
erv41D and erv46D deletion mutant
strains. This approach aided the authors
in identifying other ER proteins that
depended on the Erv41p–Erv46p
complex for their ER localization, such as
the peptidyl-prolyl isomerase Fpr2p [5].
Importantly, none of these potential
cargos contain the HDEL motif typically
recognized by the KDEL receptor,
suggesting that the Erv41p–Erv46p
complex functions as a retrieval receptor
for a new class of ER resident proteins.
These soluble cargos must therefore
be recognized by the luminal domains
of Erv46p or Erv41p, which have
been recently proposed to promote
protein–protein interactions [12].
Additional high-resolution structural
studies of the luminal domain bound
to cargo should provide key insight into
the molecular mechanism by which
the Erv41p–Erv46p receptor complex
interacts with its ligands. Likewise,
further investigation will be required
to define the sorting signal present inrrent Biology 25, R269–R293, March 30, 2015 ªthe ER resident proteins recognized
by the Erv41p–Erv46p complex.
Once identified, it will be also interesting
to know whether there are toxins that use
the Erv41p–Erv46p retrieval pathway to
be targeted to the ER in an analogous
manner to the mechanism exploited by
KDEL-bearing toxins [13].
How does the Erv41p–Erv46p receptor
work in retrograde transport? Organelles
of the early secretory pathway exhibit a
gradient of decreasing pH that begins at
near neutrality at the ER and becomes
more acidic in theGolgi [14]. Shibuya et al.
[5] find that the Erv41p–Erv46p complex
only binds to Gls1p under acidic pH
conditions that mirror the reduced
pH found in the lumen of the Golgi.
Moreover, the increase of the pH in
Golgi compartments by treatment with
bafilomycin A1, an inhibitor of vacuolar
ATPases [15], led to mislocalization of
Gls1p. The data lead to a model (Figure 1)
in which the escaped Gls1p is captured
by the Erv41p–Erv46p complex in the
reduced pH environment of early Golgi
compartments for retrograde transport
and is finally released in the neutral
pH of the ER lumen. An analogous
pH-dependent mechanismwas proposed
to operate for the KDEL receptor [16].
Importantly, the study by Shibuya et al. [5]
highlights the essential role of the pH
gradient for cargo sorting in retrograde2015 Elsevier Ltd All rights reserved R289
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However, the precise mechanism for
cargo release at the ER still needs to be
studied inmore detail. Indeed, the authors
show that a neutral pH is not sufficient
to separate the cargo from the receptor,
which suggests that additional unknown
factors must be also involved in this
process [5]. In addition, other interesting
aspects remain to be addressed
regarding the retrieval role of the
Erv41p–Erv46p complex, such as
whether its retrograde trafficking is
constitutive or regulated by cargo
recognition, as seen with the KDEL
receptor [17].
In addition to its role as a retrieval
receptor, the Erv41p–Erv46p complex
has recently been assigned another
transport function. A new study by
the Yoda lab [18] reports that the
Erv41p–Erv46p complex plays a role as
an anterograde cargo receptor for the
Golgi mannosyltransferase Ktr4p during
ER export. Anterograde cargo receptors
link newly synthesized secretory proteins
to the COPII coat to facilitate their uptake
into COPII vesicles for efficient transport
to the Golgi. Like the retrieval receptors,
they are also continuously cycling
between the ER and Golgi and their
receptor function has also been proposed
to be regulated in a pH-dependent
manner [1]. Further investigation will be
required to understand how anterograde
and retrograde cargo receptor activities
can be coordinated to dynamically
maintain the composition and functional
homeostasis of the early secretory
pathway.
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Some transcriptional enhancers work best with one type of promoter,
while ignoring others. How widespread is such specificity across the
genome? A new study finds that, in a fair fight, most enhancers prefer
to activate promoters resembling those of their parent genes.To developmental biologists, there are
two kinds of genes. Most of our time is
spent thinking about what we might call
the ‘interesting’ category, which covers all
genes whose expression is differentially
regulated — that is, genes that are more
strongly expressed in cell A compared tocell B, or at stage X compared to stage Y.
Differential gene expression, after all, is
the cornerstone of development and
many other complex biological
processes: it’s what makes a cell different
from its neighbor. The second category—
genes whose expression is consistent
